through the catalyst pores due to the wettability of oxidized CNFs.
strategies is the use of advanced supports that stabilize metal nanoparticles, allow good 11 diffusion paths for reactants and products, offer a high electrical conductivity and resist 12 corrosion phenomena in the electrode environment [12] [13] [14] [15] [16] [17] [18] [19] .
13
Carbon supports still present the best compromise of properties to fulfill fuel cell when using functionalized Vulcan, evidencing a detrimental effect on Pt dispersion, but 2 still obtaining a significant improvement of DMFC performance. According to this, the 3 positive effect of the oxidized carbon support is not attributed to a better nanoparticle 4 distribution on the surface. The authors explain such enhancement in terms of surface 5 polarity caused by the contribution of oxygen groups, leading to 2.5 times higher 6 performance despite the worse noble metal surface area.
7
Not only conventional carbon blacks but also the functionalization of novel the deconvolution of both CO and CO 2 curves.
26
The crystallinity of platinum-ruthenium crystallites and carbon was studied by 27 X-Ray Diffraction. XRD patterns were performed using a Bruker AXS D8 Advance dried onto a standard copper grid coated with Lacey carbon.
5
Energy dispersive X-ray (EDX) analyses and thermogravimetric analyses (TGA) 6 in air were performed to quantify the metal loading and composition of the PtRu/CNF 7 electrocatalysts. EDX measurements were also used to determine the Pt:Ru atomic ratio. graphitization degree, which leads to an enhanced metal-support interaction.
7
Consequently, we have included both supports, CNF600 and CNF700, with high and 8 low surface area, respectively.
9
Notice that the treatment of CNFs with nitric acid at 110 ºC (named 'N') and 10 with nitric and sulfuric acids at room temperature (named 'NS') leads to the same 11 oxygen content: 4.9 wt% for oxidized CNF600 and 2.8 wt% for oxidized CNF700.
12
Similar oxygen contents will allow the comparison of supports and individuation of the pristine CNFs, coming from exposure to air at ambient temperature, they do not seem to 5 favor the wettability of the samples as evidenced in Fig. 1 . The significant increase of 6 the concentration of carboxylic acids and lactones explains the better wettability of the 7 oxidized CNFs despite the relatively low increase of surface oxygen concentration.
8 Table 2 shows some of the main physico-chemical properties of PtRu catalysts 
29
The electrochemical surface areas (ECSAs) were calculated from CO stripping respect to the catalysts based on pristine CNF600 and CNF700.
17
The electro-oxidation of methanol (2M CH 3 OH in 0.5M H 2 SO 4 ) was studied at PtRu/CNF600N follows this trend with a 40% lower current density compared to 25 PtRu/CNF600. However, the catalyst supported on CNF600NS shows a higher current 26 density than CNF600. In this case, the significant increase of intrinsic activity, as 27 evidenced in Fig. 5(b) , compensates the decrease of electrochemical surface area. The 28 increased mass activity is due to the higher intrinsic activity for PtRu/CNF600NS, thus, 29 a higher rate of methanol oxidation per catalytic active site. PtRu/CNF600NS presents a 30 higher particle size than PtRu/CNF600 as shown in The activity towards the oxidation of methanol for the CNF700-related catalysts 10 is shown in Fig. 7 . Notice that both the mass and specific activities of PtRu/CNF700 are 11 higher than that of PtRu/CNF600 (Fig. 5) . In a previous work we reported the favorable 12 effect of crystallinity of CNF700 based catalyst when compared to catalysts based on properties of the original carbon material. In the case of highly graphitic CNF700, the 16 oxidation with nitric and sulfuric acid leads to a dramatic decrease of both mass and 17 specific activity. This is in accordance with the CO oxidation shift to more positive 18 potential of 80 mV (Fig. 4) , which accompanied by a significant decrease of ECSA
19
(40% lower), results in a poor activity for the electro-oxidation of methanol. On the 20 other hand, the oxidation with nitric acid (PtRu/CNF700N) results in a better activity
21
(both mass and specific) in the high current density region. This region is controlled by where the diffusion of methanol is more hindered, the enhancement of surface polarity 5 might aid to obtain up to 20% higher activity. hydrophilic CNFs with similar surface oxygen content of 2.8 wt% for the low surface 6 CNF (CNF700) and 4.9 wt% for the high surface CNF (CNF600). Moreover with the 7 oxidation both surface area and pore volume increase.
8
The microemulsion route used to synthesize PtRu nanoparticles leads to a 
27
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